Technology literacy for citizenship means science and technology for social, technological, and political purposes-the participation of every citizen in decision-making.
THE TECHNOLOGY/EDUCATION INTERFACE
The ability to make the best technological decisions, or to make decisions on science/technology/environment/society (STES)-related issues depends substantially on education. Such decisions require interdisciplinary knowledge, critical thinking, and a system approach (inclusive thinking). This contrasts with the discipline-based way science is presently taught.
STES literacy, summarized as the "STES problem solving (PS) -decision making (DM) act" (Zoller, 1987b (Zoller, , 1990 , has a complex meaning. It requires the ability to look at a problem and its implications and to recognize it as a problem, to see its factual core of knowledge and concepts involved, and to appreciate the significance and meaning of alternative resolutions. It implies problem solving (not exercise solving) to recognize/select the relevant information, to evaluate the dependability of resources used and their degree of bias, and to devise/plan appropriate procedures/strategies for dealing further with the problem(s). It involves clarifying value structures/positions and making value judgments (and defending them), making rational choices between available alternatives, or generating new options. And finally, it means acting on one's decision, and taking responsibility therefor.
Functional STES literacy goes beyond "exercise solving." It requires critical thinking, that is, reflective and reasoned thinking about what to believe or do, and taking action accordingly (Ennis, 1985) .
We expect students exposed to STES education not to solve the "big" problems, but rather to take positions, based on their cognitive analyses and value systems, and to act accordingly.
Social-technical problems are multidimensional, with far-reaching implications; decisions about actions must, then, be made under high uncertainty, and the student/problem solver in STES courses faces difficult and highly demanding tasks.
SCIENCE EDUCATION-TECHNOLOGY EDUCATION-STES EDUCATION
Although the education community recognizes the importance of STS or STES education for all (Bybee, 1987; McCormick, 1990; Waks, 1986; Yager, 1986; Zoller, 1987b) , contemporary science teaching (from the junior high level and up) is still disciplinary and in the cognitive domain, often sterile, lacking in social relevance, and based on textbooks presenting "neat" and "clear-cut" theories, rules of nature, and "correct" solutions to problems. It calls, further, for exercise-solving skills (mainly the application of alreadyknown algorithms), but not problem-solving skills (Zoller, 1987a) . Solutions to exercises require factual and formal knowledge rather than reasoning and the application of value judgments. Science teaching typically appeals to knowledge and comprehension, but rarely to analysis, synthesis, and evaluation. It encourages the formal problem-solver "technician" and discourages the qualitative or creative reasoner. Science teaching thus propagates the naïve conviction that science and technology can establish both what we can do, and what we should do.
In contrast, STES education aims to foster critical thinking and to encourage the application of value judgment through synthesis of general strategic knowledge and of specialized domain knowledge.
In shifting emphasis from academic science to life-oriented science and technology education, two orientations are noteworthy: computer information technology (CIT) (Disessa, 1987; Rushby, 1987) , and diversified STESoriented education (Aikenhead, 1989; Bybee 1987; Solomon, 1983; Zoller, 1991a Zoller, , 1991b . Although these two orientations are not necessarily mutually exclusive, they are clearly and distinctly different in educational outlook, emphasis, and goal. CIT advocates emphasize the cognitive consequences of advanced technology: the ways we deal with learning; the imperative to respond to the computer challenge; and the production-through formal education-of informed and skilled individuals, capable of high-technology enterprise (Disessa, 1987; Rushby, 1987; Waks, 1986) . STES advocates emphasize the social, cultural, environmental, and political consequences of advanced technologies and the implications of uncontrolled technological development.
STES education is political. It aims at active involvement and responsible student-citizen action. It aims deliberately to move students from unconscious automaticity to conscious awareness of decisions and behaviours. Value-laden decisions must be made. To take "no decision" is to decide.
STES requires system thinking (inclusive thinking) and the application of value judgments (Catodu, 1985; Zoller, 1987b Zoller, , 1990a . These two crucial components contrast with current practices in traditional science teaching. The STES approach requires education for problem solving, not exercise solving, and for decision making for action (Zoller, 1987a (Zoller, , 1987b .
Teachers can no longer be the sole "providers" of knowledge, through mediating textbooks, to students. Rather, they should play guiding and colearning roles, be able to design an enquiry-oriented learning environment, and shift emphasis from imparting knowledge to students to developing students' higher-order skills.
A representative example of recently adopted STES-style science curriculum is the course Science and Technology 11 (ST 11), developed and implemented province-wide in British Columbia in 1986 (Gaskell, 1987; Williams, 1988) . It is the first STES-type course in the western world implemented on a state (province) scale.
Regrettably, the impact of the STES orientation on science teaching is still limited in Canada. Research in Canada concluded that no positive change of students' attitude toward science (and technology) occurred with-out students being exposed directly to STES-oriented programs (Ebenezer & Zoller, in press ). Several superordinate goals of ST 11 typical of STES courses worldwide have been attained (Zoller et al., 1990) , but the course's survival may depend on its gaining an academic status and on more space being created in the system of graduation requirements (Gaskell, 1987) . These findings demonstrate the positive effect of ST 11 and suggest educational goals in other STES-type courses and curricula may also be attainable. Further research demonstrated teaching of this STS course achieved education rather than indoctrination (Zoller, Donn, Wild, & Beckett, 1991) .
RECOMMENDATIONS
Our specific recommendations are as follows: 1. introduce STES into schools and expand STES education components aimed at all students, through the development and implementation of appropriate interdisciplinary, critical system-thinking-oriented units, courses, curricula and comprehensive programs in science, vocational subjects, health and consumer education, and in the social studies; 2. emphasize a divergent, critical-thinking orientation; 3. introduce the system-thinking (inclusive-thinking) approach into school teaching, courses, and curricula, particularly in STES-oriented courses; 4. emphasize independent study and student projects in class work and homework. Use corresponding evaluation devices (Zoller, 1990b) ; 5. plan, design and implement academically prestigious and intellectually challenging pre-service and inservice teacher training programs for STES education; 6. promote secondary-school STES courses (and acceptance of the STES rationale).
CONCLUSION STES education aims at the educated person:
The educated person is . . . a thinking individual, capable of making independent decisions based on analysis and reason. The individual is curious, capable of and interested in learning, capable of acquiring and imparting information, and able to draw from a broad knowledge base. . . . The individual has sound interpersonal skills, morals and values, and respects others who may be different [and] understands the rights and responsibilities of an individual within the family, community, nation and the world. (British Columbia Ministry of Education, 1987) The crucial problems of our time are not the technical aspects of handling and processing information, but rather its selective use and critical interpretation.
